Abstract. The tunability on the refractive index of the liquid crystals makes the photonic crystal optical switch possible, which comprises liquid crystal materials. In this article, based on the light induced alignment of liquid crystals and the self-collimation effect in the photonic crystals, an all-optical switch is proposed. The photonic crystal consists of silicon rods arranged in a triangular lattice in a liquid crystal background. The plane wave expansion (PWE) method is used to calculate the equi-frequency contours(EFCs) and the band diagrams. The transmission spectra are obtained by using the finite-difference time-domain (FDTD) method. The propagation of light in such structure is simulated with the FDTD method.
Introduction
Photonic crystal is a novel artificial materials that consists of periodic medium array. Satellite is the important communication platform in space optical communication, but the payload of rocket and satellite is very small. To effectively reduce the launch cost so as to increase the efficiency per weight unit, the overall weight of satellite has to be strictly controlled. Optical antenna, as an essential part of wireless laser communication system, has been developed toward integration and miniaturization which is of great importance.
The miniaturization and integration of optical antenna can be implemented by improving optical path, reducing optical component, introducing novel optical devices. The extensively used novel optical devices such as photonic crystal materials [1] [2] , binary optical elements, have increasing significance in miniaturization and integration of optical devices, and have evoked great research interest over the world.
Two dimensional photonic crystal waveguide has outstanding light guide performance. In 1996, Mekis [3] proposed photonic crystal right angle waveguide, which makes the photonic crystal waveguide more flexible to different applications. Traditional medium waveguide has radiation loss when it pass through a right angle waveguide curve, which result in low transmission efficiency of 30% only. Therefore, the integration of optical devices is impossible to be realized scale-wise using traditional medium waveguide. On the contrary, the bend loss of photonic crystal waveguide is so small that it is possible to integrate photonic crystal devices in millimeter scale. In traditional optical antenna, a large number of lens and reflectors are required to control optical path. If the integrated optical devices based on the photonic crystal waveguide are used, a certain number of lens and reflectors can be replaced so as to achieve the miniaturization of optical antenna.
Optical switch structure of photonic crystal
Photonic crystal is a novel artificial structure functional materials that consists of periodic medium array. In 1991, Yablonovitch fabricated the first omni-directional photonic crystal band gap structure [5] , and verified the existence of photonic forbidden bands. If the photon energy lies in the frequency range of forbidden band, then it cannot be transmitted in the medium. If line defect is introduce in the International Conference on Advances in Energy and Environmental Science (ICAEES 2015) photonic crystal, it forms photonic crystal waveguide which behave like optical waveguide where the light within photonic crystal forbidden band can be transmitted with low energy loss. When the line defect bend 90 degree, the light can also be transmitted with extremely low energy loss, the theoretical transmission efficiency can reach 100%. Take advantage of this property, photonic crystal waveguide can be used for optical path integration and optical interconnection [4] [5] [6] . [7] . Figure 1 shows the photonic crystal structure after optimal design. The photonic crystal is composed of 21 by 21 uniform medium cylinder in the air with infinite length, whose dielectric constant is ε =11.56, distance between cylinders is a =0.550 m µ . In the rest of paper, a is considered as normalization unit in calculation. The normalized wave length corresponding to 1.550 m µ is 2.818, normalized frequency is 0.355. The right angle photonic crystal can be obtained by removing part of the medium cylinder. Figure 2 shows the band structure of the photonic crystal, from which it can be observed that there are three band gaps. The first gap is centered at 0.355, band gap ranges from 0.2876 to 0.4228, band gap width is 38.08% which is very large. The light that lies in this forbidden band of the photonic crystal, it can only transmit along photonic crystal waveguide and the energy also primarily transmit in waveguide. On the other hand, the light outside forbidden range scatters severely, no matter it is in the air or in photonic crystal, thus diverges rapidly. 
FDTD simulation optical wave transmission in photonic crystal waveguide
In order to test optical transmission in photonic crystal waveguide, we used FDTD Method to simulate optical transmission. The simulation software used is MIT Electromagnetic Equation Propagation(Meep) [8] .
The light source used is a Gaussian light source whose normalized frequency of is 0.355 and frequency band is 0.05. The light source input from the waveguide entrance right below the photonic crystal and output from exit on the right. Figure 3 shows the simulation on filed distribution when light wave is transmitting in right angle photonic crystal waveguide. It can be seen from the figure that the transmission of light wave energy concentrates in right angle photonic waveguide, the energy loss during transmission is extremely low. 
Conclusion
This paper proposes to introduce photonic crystal integrated optical path in optical antenna to replace traditional optical lens so as to control light transmission for the purpose of miniaturizing optical antenna. We designed photonic crystal waveguide structure for the wave band of 1.550 m µ such that the light wave that lies in a wide frequency band around this wave band can be transmitted in right angle photonic crystal waveguide with low energy loss. Finally, the FDTD method is used to simulate optical wave transmission. This paper is of theoretical significance in the research of photonic crystal application in miniaturization of optical antenna.
